Device for Air Conditioning a Vehicle 
Cross-References to Related Applications 

Not applicable. 

Statement Regarding Federally Sponsored Research or Development 
Not applicable. 

Background of the Invention 
[0001] The present invention relates to a device for air conditioning a vehicle. 

Technical Field 

[0002] Modern motor vehicles are increasingly equipped with systems which act, for 
example, to air condition the vehicle before travel, i.e. to bring the vehicle into a 
state desired by an occupant, for example, to heat the vehicle or to prepare in ad- 
vance various system regions, so that, for example, an internal combustion engine 
acting as drive assembly, on starting, even in the starting phase, has as low as pos- 
sible emission of pollutants. 

[0003] It is known to use as stationary heating devices, fuel-operated heating devices 
for air-conditioning vehicles, and likewise electrically operated systems such as 
seat heating and the like. The electrically operated systems very strongly load the 
batteries generally provided in a motor vehicle, particularly at comparatively low 
temperatures, so that there is an increasing effort, to integrate fuel cells into a ve- 
hicle in order in this manner to sufficiently supply these users even in a state in 
which a drive assembly cannot yet be used for the production of electrical energy, 
or in a state in which even when a drive assembly is operating, this can contribute 
only relatively poorly to obtaining electric energy. 
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Summary of the Invention 

[0004] The object of the present invention is to more efficiently use the system 
components provided in a vehicle and contributing to its air conditioning. 

[0005] According to a first embodiment of the present invention, this object is at- 
tained by a device for conditioning a vehicle, including at least one electrically 
operated conditioning arrangement, a heated air supply system with a heat source, 
and a delivery arrangement for delivering heated air into a vehicle interior; the 
fuel cell system for preparing electric energy for the at least one conditioning ar- 
rangement and/or the delivery arrangement; the heated air supply system includ- 
ing the fuel cell system as a heat source, and furthermore a heat exchanger ar- 
rangement for transferring heat arising in the region of the fuel cell system to the 
air to be delivered to the vehicle interior. 

[0006] It is important in this embodiment of the invention that a fuel cell system 
acting for providing sufficient electrical energy simultaneously also represents 
this source of the heat energy which is required in order to be able to feed heated 
air into the vehicle interior, such as a passenger compartment or possibly even a 
load compartment. The provision of an additional fuel-operated heating device as 
is generally usual in the prior art is then not required. 

[0007] For example, it can be provided that the conditioning device comprises: a 
stationary heating device and/or a windshield heating device and/or external mir- 
ror heating device and/or steering wheel heating device. 

[0008] All these devices contribute, on the one hand, to increase comfort, and how- 
ever also on the other hand to increase safety, in that even at comparatively low 
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external temperatures all windscreens and possibly also external mirrors are 
thawed. 

[0009] Furthermore it can be provided that the fuel cell system includes a reforming 
arrangement for the production of a hydrogen-containing reformation product, 
and that heat arising in the region of the reformer arrangement and/or in the re- 
gion of the fuel cell can be transferred to the air to be delivered to the vehicle inte- 
rior by means of the heat exchanger arrangement. Since also the fuel cell system 
itself includes various regions in which heat arises during operation of the system, 
a most extreme utilization of the energy arising as waste heat is made possible. 
Particularly when the fuel cell is constructed as a so-called PEM fuel cell, it is ad- 
vantageous or required to pre-purify the hydrogen-containing reformed product 
leaving the reforming arrangement. It is therefore proposed that the fuel cell sys- 
tem includes a reformed product purifying stage between the reforming arrange- 
ment and the fuel cell, and that heat arising due to the heat exchanger arrangement 
in the region of the reformed product purifying stage can be transferred to the air 
to be delivered to the vehicle interior. A further contribution to improve utiliza- 
tion of the heat arising in the vehicle is provided in this manner. 

[0010] Since in practice it is not possible to use all of the hydrogen fed into a fuel cell 
to obtain electrical energy, the gas mixture leaving the fuel cell contains a certain 
fraction of residual hydrogen. According to a further embodiment of the present 
invention it is therefore proposed that the fuel cell system includes a burner for 
combustion with air of the residual leaving the fuel cell, and that the heat arising 
in the region of the burner can be transferred by the heat exchanger arrangement 
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to the air to be delivered to the vehicle interior. It is possible in this manner to 
provide a further heat energy contribution that can then be used for heating other 
system components. 

[0011] According to a further embodiment of the present invention the above- 
mentioned object is attained by a device for conditioning a vehicle including a 
fuel cell system for providing electrical energy and also the heat exchanger ar- 
rangement for transferring heat arising in the region of the fuel cell system to at 
least one system region of the vehicle to be heated. 

[0012] It can be seen that the conditioning of the vehicle includes not only an in- 
crease of comfort or safety, but also the preparation or pre-heating various operat- 
ing systems of the vehicle, such as e.g., an exhaust gas after-treatment system or a 
drive assembly. In this manner, the exhaust heat arising in the fuel cell system 
can ensure, by corresponding pre-heating or conditioning of these system regions, 
that, for example, the drive assembly emits less pollutants on starting due to the 
pre-heating which has already taken place, and that with corresponding pre- 
heating of the exhaust gas after-treatment system this is also already capable, in 
the starting phase, of decomposing with very high efficiency pollutants emitted by 
the drive assembly. 

[0013] It is evident that the second conditioning embodiment of the present invention 
can be combined with the first-mentioned embodiment, and that of course the 
embodiment possibilities can also be provided with the second-mentioned condi- 
tioning embodiment, particularly in the field of fuel cell systems. 
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Brief Description of the Drawings 
[0014] The present invention is described in detail hereinafter with reference to the 

accompanying drawings. 
[0015] Fig. 1 shows a principle view of a motor vehicle; 
[0016] Fig. 2 is a block diagram of a PEM type fuel cell; 

[0017] Fig. 3 is a diagram corresponding to Fig. 2 of a fuel cell system of the 
SOFC type. 

Detailed Description of the Invention 

[0018] A motor vehicle 10 is shown in Fig. 1 and can be conditioned according to the 
principle of the present invention. 

[0019] The motor vehicle 10 has an internal combustion engine 12 as drive assembly. 
The exhaust gases produced in the internal combustion engine 12 are discharged 
externally via an exhaust gas conducting system 14 and an exhaust gas after- 
treatment system 16. Furthermore, a fan 18 is provided that can introduce air into 
the interior of the motor vehicle. This air can be pre-heated, as described below, 
which can take place in normal travel using, for example, the heat produced by 
the internal combustion engine 12. Plural seats 22 are provided in the interior 20 
of the motor vehicle 10, only the driver's seat being shown by way of example. 
The driver's seat 22 has an electrically operated seat heating 24, as may other 
seats. Furthermore, a steering wheel 26 is provided to which a likewise electri- 
cally operable steering wheel heating 18 is allocated. 

[0020] Various window-panes 30 of the motor vehicle 10 can be equipped with an 
electrically operable window heating 32, preferably at least the rear window and 
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the windshield being provided with such heating. Also the external mirror(s) 34 
can be provided with electrically operable mirror heating 36. 

[0021] In order to be able to ensure in all operating states that sufficient electrical 
energy can be made available for all electrically operable systems of the motor 
vehicle 10, the motor vehicle 10 has a fuel cell system 38, shown only schemati- 
cally, which is explained in more detail hereinafter with reference to Figs. 2 and 
3. This fuel cell system ensures that, particularly in operating states in which the 
internal combustion engine 12 cannot be used, or additionally used, for the pro- 
duction of electrical energy, sufficient electrical energy is present. It is thus pos- 
sible to thermally prepare the motor vehicle 10 before travel and even before set- 
ting the internal combustion engine 12 in operation, thus, for example, by exciting 
the various previously described electrically operable heating systems 24, 28, 32, 
36 and possibly also an electrical heating of the exhaust gas after-treatment sys- 
tem 16, to bring the vehicle into a state in which from the beginning of travel, par- 
ticularly at comparatively low external temperatures, there is a pleasant environ- 
ment for the traveler; on the other hand, however, different operable systems can 
already be in an operating state in which they can work about optimally. The fan 
18 can also be operated by means of the on-board system and thus with electrical 
energy supplied by the fuel cell system 38. 

[0022] According to the principles of the present inventions, however, not only is the 
electrical energy supplied by the fuel cell system 38 used, but also the heat arising 
when producing electrical energy in the fuel cell system 38. This heat can be 
transferred to the air to be introduced into the vehicle interior 20, using various 
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heat exchangers, and then conducted by the fan 18 into the vehicle interior 20. 
Thus the energy provided particularly in the region of the fuel cell system, and 
thus not only the electrical energy but also the heat energy, can be used in an op- 
timal manner to prepare or additionally heat the vehicle 10. Here, the heat arising 
in the fuel cell system 38 when producing electrical energy is not only used to 
heat the vehicle interior 20, but can also, for example, also be used for pre-heating 
the internal combustion engine and the exhaust gas conduction system 14, particu- 
larly the exhaust gas after-treatment system 16. Thus, particularly, at the begin- 
ning of operation of the internal combustion engine, at comparatively low external 
temperatures, its pollutant emission can be reduced. The fuel cell system can, 
however, be used not only in the stationary state and at comparatively low exter- 
nal temperatures, but also, as regards the heat produced there, for example, when 
the internal combustion engine 12 is a diesel assembly, can be operated as a so- 
called auxiliary heater, which is also active during travel operation. 
[0023] Examples of fuel cell systems that can be used in the motor vehicle shown in 
Fig. 1 are shown in Figs. 2 and 3. The fuel cell system shown in Fig. 2 is of the 
so-called PEM type, in which a fuel cell 40 of this fuel cell system 38 operates at 
the comparatively low temperature in the region of 80°C. The fuel cell system 38 
includes, besides the fuel cell 40, a reformer 42 into which air 44, fuel 46 and wa- 
ter 48 are fed. The air 44 and the water 48 can be preheated in heat exchangers 
50, 52, so that they evaporate more quickly on introduction into the reformer 42 in 
common with the fuel 44 and are converted into a hydrogen-containing reforma- 
tion product. This hydrogen-containing reformation product leaves the reformer 
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42 and is cooled in the heat exchanger 50, transferring its heat, or a portion of its 
heat, to the air 44. This reformation product flows after the heat exchanger 50 
into a gas purification step 54, which likewise operates at very high temperature. 
The hydrogen-containing gas leaving the gas purification stage flows through a 
further heat exchanger 56 before it enters the fuel cell 40 at a suitable tempera- 
ture. The hydrogen of the hydrogen-containing gas leaving the gas purification 
stage 54 reacts with oxygen of the air and thus produces electrical energy. The 
gas leaving the fuel cell 40 always still contains a further residual fraction of hy- 
drogen, which is combusted with further air 58. The heat produced in this com- 
bustion is at least partially transferred in the heat exchanger 52 to the water being 
introduced into the reformer 42. 

[0024] The heat withdrawn from the hydrogen-containing gas in the heat exchanger 
56 can, for example, be particularly transferred in a further heat exchanger 60 to 
the air to be delivered to the vehicle interior 20 by the action of the fan 18. 

[0025] Furthermore, heat arising in the fuel cell system 38 can be transferred in the 
heat exchanger 60 or a further heat exchanger to the coolant of the internal com- 
bustion engine 12, so this can already be preheated. Furthermore, it is possible to 
pass the gas leaving the heat exchanger 52 through the internal combustion engine 
and the exhaust gas conduction system 14, to preheat these system components. 
It is, of course, also possible to use the two heat exchangers 50, 52 to transfer heat 
to other media, for example, to air to be delivered to the vehicle interior. 

[0026] In fuel cell system 38 shown in Fig. 3 a SOFC-type system is concerned. The 
fuel cell operates at a temperature of 650°C or more. Again, fuel 46 and air 44 
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are supplied to the reformer 42; they can be preheated in the heat exchanger 52. 
The reformation product leaving the reformer 42 and having a comparatively high 
temperature passes through the heat exchanger 50 before entering the fuel cell 40. 
The hydrogen reacts with the air 62, or the oxygen contained therein, with the 
production of electrical energy. The oxygen^enriched air leaves the fuel cell 40 
via a further heat exchanger 64. Furthermore the hydrogen-enriched gas leaves 
the fuel cell 40 in the direction toward the heat exchanger 52. Before it reaches 
the heat exchanger 52, however, further air is added and is brought to combustion, 
together with the residual oxygen still contained in this gas, in order still to be 
able to use the heat thereby arising in the heat exchanger 52. 

[0027] It can be seen that is is also possible with fuel cell system 38 of Fig. 3, 
particularly with the heat exchangers 64, 50 and 52, to transfer the heat withdrawn 
there from the oxygen-enriched air or from the reformation product to other me- 
dia, such as the air to be delivered to the vehicle interior or to the cooling medium 
of the internal combustion engine. 

[0028] Also in the system shown in Fig. 2 similarly to the system of Fig. 3 the air 
conducted through the fuel cell 40 and leaving the fuel cell 40 with elevated tem- 
perature of, for example, more than 80°C, is conducted through a heat exchanger, 
as is the case with the heat exchanger 64 of the system of Fig. 3. Also the heat 
first transported in this air can then be further used in the sense of the present in- 
vention. 

[0029] In order to be able to bring such a fuel cell system also into operation in a 
state in which, for example, before traveling at low external temperatures, suffi- 
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ciently high operating temperatures are not present in the region of the fuel cell 
system, particularly in the region of the reformer, the gas purification stage, and 
the fuel cell itself, it is for example possible to combust, that is, to ignite, the mix- 
ture of combustion air and fuel first produced in the reformer, in the manner of a 
fuel-operated heating device, so that the very hot exhaust gases leaving the re- 
former, on passing through the reformer itself and possibly also the gas purifica- 
tion stage and the fuel cell, contribute to the heating of these components. 

[0030J The two fuel cell systems shown in Figs. 2 and 3 are only by way of example 
to illustrate that in different regions of such a fuel cell system, due to the working 
temperature required in these regions, which may be up to 900°C, heat arises 
which can be used, according to the principles of the present invention, for condi- 
tioning the motor vehicle 10, thus, for example, for introduction of heated air into 
the vehicle interior, of for preheating or heating various system components. 
Otherwise embodied fuel cell systems can of course be used here. However, it is 
elementary in the present invention that the fuel cell systems are not only used for 
the production of electrical energy, but that also the heat arising is used and is not 
discharged as waste heat to the surroundings. Here particularly the heating of the 
exhaust gas after-treatment system 16, plus for example the catalyst or particle fil- 
ter provided there, is of elementary importance for reduced pollutant emission at 
the beginning of operation. 

[0031] Finally it should be mentioned, that in the sense of the present invention the 
expression "vehicle interior" denotes not only the passenger compartment but also 
any other vehicle interior, such as a freight space or the like. 
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